a b s t r a c t
The effect of pre-ageing (PA) time and temperature on subsequent natural secondary ageing (NSA) and paint bake (PB) hardening of an AA6014 AleMgeSi alloy was systematically investigated, especially when both parameters change. A wide range of PA conditions was covered with temperatures ranging from 80 C to 160 C and times from several minutes to several days depending on the PA temperature. Hardness data for such pre-treatments measured by Brinell method are given. Hardness data measured during NSA are fitted by various functions. This dataset might be reused for further kinetic analysis of the clustering in AleMgeSi alloys or for the determination of the optimal PA tactics for industrial production. © 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons. org/licenses/by/4.0/).
Experimental design, materials, and methods
Commercial alloy AA6014 (0.65% Mg, 0.60% Si, 0.18% Fe, 0.08% Mn, 0.12% Cu, all by mass) was provided by Novelis Switzerland. Solutionising (SHT) was performed in an air circulation furnace at 540 C for 1 h. After quenching into ice water samples were quickly dried and immersed in an oil bath for PA to avoid unnecessary natural ageing (NA) or stored in a Peltier-cooled incubator for intended NA. PA temperatures and times are given in Tables 1 and 2 . Artificial ageing (AA) at 180 C for 30 min was applied to simulate an industrial paint-bake (PB) process. The entire heat treatment is defined by Fig. 1 . Brinell hardness tests were performed on 10 Â 10 Â 1 mm 3 large samples with a Qness Company model 60 M hardness tester using 10 kg loading force, a 1 mm diameter tungsten carbide indenter and holding for 10 s for each of the 8 indentations.
Data
Figs. 2e4 show the hardening of the alloy during NSA and after subsequent PB for alloys that have been pre-aged under different conditions. Value of the data Why are these data useful? This dataset contains a systematic evaluation of the hardness after various pre-ageing (PA), natural secondary ageing (NSA), and paint bake (PB) hardening. PA conditions covered a wide range of time and temperature combinations, which enables a comprehensive understanding of the effect of PA on the subsequent NSA and PB. Who can benefit from these data? Researchers who investigate the kinetics of clustering and precipitation in AleMgeSi alloys as well as the material manufacturers for the optimisation of the PA process in industrial production can benefit from the data. How can these data be used for further insights and development of experiments? Fig. 5 shows an example how these data can be used to determine the best PA tactic for the material manufacturer. By overlaying the hardness plots before PB over after PB after certain NSA time, one can go for the area (corresponding to the PA condition) where the NSA hardness is within the limitation while the PB hardness is the highest. What is the additional value of these data?
The dataset might also be useful for the validation of the future multi-stage ageing modelling in AleMgeSi alloys.
The curves in Fig. 2aeh are analogous to those in Fig. 3a , e of Ref. [1] ), just that PA conditions differ. Fig. 2ien correspond to Fig. 3c , g of Ref. [1] . Fig. 3 displays hardness after PA and NSA as a function of PA hardness and PA temperature, A continuous evolution from short NSA time to long NSA time is seen. NSA hardness increases first in the low PA hardness regime and at high PA temperature regime. Fig. 4 corresponds to Fig. 3 , just that a final PB was carried out. The final PB hardness changes most after the first week of NSA in the low PA hardness regime. Fig. 5 shows the overlay of iso-hardness curves after NSA (Fig. 3 ) on hardness plots after further PB (Fig. 4) for various NSA times. These plots can be used to determine the optimal PA strategy as described in Ref. [1] .
Fit of hardness data by various kinetic models
We attempted to obtain kinetic parameters by fitting the hardness data during NSA, H ðtÞ, by two known functions. We present them here although none of these attempts yielded consistent kinetic parameters to illustrate the difficulties involved. The problems encountered are: Table 1 Abbreviations used and definitions of heat treatment steps.
Code
Heat treatment Conditions SHT Solution heat treatment 1 h at 540 ± 2 C NA Natural ageing 20 ± 0.1 C NSA z Natural secondary ageing for z min 20 ± 0.1 C PA x/y Pre-ageing at x C for y min 80 Ce160 C, ± 0.2 C PB Paint-bake 30 min at 180 C, ± 0.2 C Table 2 PA conditions for NSA and PB response measurements. The function does not represent the data well. Representation is good but the use of too many parameters makes usage of function questionable. 
Function #1 does not yield satisfactory fit results and the values for the Avrami-coefficient n are unrealistically low in some cases (n ¼ 0:5 for 10 min NA), see Fig. 6a . For longer PA times nz 1 is found. The conditions for JMAK are not fulfilled in our case because the vacancy fraction is continuously decreasing, which is why use of the JMAK model is questionable. By enforcing n ¼ 1 for all the fits we obtain a rate constant k that can be compared to the retardation factor Q À1 ( Fig. 7 and Fig 8 in [1] ). We see that the general course is the same but k tends to be larger than Q À1 by a factor up to 5. Fig. 7 shows that function #2 fits the NSA curves quite well. However, the parameters obtained do not vary in a continuous way, indicating over-determination of the function (too many parameters).
The same applies to a double-stage JMAK function, i.e. a generalisation of Function #1 with two k and n parameters and a weight factor for the two contributions, leading to 7 free parameters. This allows for a good fit but not to derive meaningful parameters (fit not shown). 
